INTRODUCTION Total colectomy and ileorectal anastomosis can result in significant defecatory frequency and poor bowel function. The aim of this study was to assess whether a laparoscopic approach is associated with any improvement in this regard. METHODS A single institution retrospective review was undertaken of patients undergoing elective total colectomy and ileorectal anastomosis between 2000 and 2011. Those undergoing emergency surgery and paediatric surgery were excluded. The primary outcome measure was satisfactory defecatory function after surgery. RESULTS Forty-nine patients (24 male, 25 female) were included in the study. The median age was 48 years (range: 20-83 years). Laparoscopic total colectomy (LTC) was performed in 20 patients and open tota l colectomy (OTC) in 29 patients. Indications for surgery were slow colonic transit (n=17), colorectal cancer (CRC) (n=17), CRC with hereditary colorectal cancer syndrome (n=8), inflammatory bowel disease (n=4) and diverticular disease (n=3). In the LTC group, 85% had a satisfactory defecatory frequency of 1-6 motions per day compared with 45% in the OTC cohort (p=0.006). There was no statistically significant difference in bowel frequency related to primary pathology (benign vs cancer surgery, p=1.0). Postoperative complications for both groups included relaparotomy (n=3), anastomotic leak (n=2), small bowel obstruction (n=2), postoperative bleeding (n=1) and pneumonia (n=1). CONCLUSIONS This study indicates that long-term defecatory function is better following LTC than following OTC and ileorectal anastomosis. The mechanism for this improvement is unclear but it may relate to the underlying reason for surgery or possibly to reduced small bowel handling leading to fewer adhesions after laparoscopic surgery.
Total colectomy and ileorectal anastomosis (TC & IRA) is a significant surgical procedure performed for a number of benign and malignant colorectal diseases. It is frequently indicated where there is pathology affecting multiple colonic segments or where the colon is at risk of future disease. Although the reservoir function of the rectum is retained, and the patient is spared the physical and psychological consequences of an ileostomy, it relies on adequate rectal sensation and compliance, good sphincter function and at least semiformed stool consistency to produce a defecatory frequency that is acceptable to the patient. One of the major concerns after TC & IRA is the risk of disabling bowel frequency and faecal incontinence. [1] [2] [3] This is associated with an increased use of constipating agents to achieve satisfactory defecatory function. Other significant long-term morbidities include chronic abdominal pain and episodes of recurrent adhesive small bowel obstruction. 1, 4 Previous reports suggest that acceptable defecatory frequency varying between 3 and 5 motions per day can be achieved following TC & IRA, with a low incidence of incontinence, but these data are derived mostly following open surgery. [5] [6] [7] [8] Satisfactory bowel function has been reported after laparoscopic TC & IRA for colonic inertia 9,10 but there have been no studies comparing the two approaches. The aim of this study was therefore to determine whether a laparoscopic approach potentially reduces long-term morbidity and results in better defecatory function.
Methods
A retrospective case note review was undertaken of patients who had undergone TC & IRA between 2000 and 2011 at a single institution. Those undergoing emergency surgery and paediatric surgery were excluded from the study. Eligible patients were identified from a national hospital database (Hospital Episode Statistics). Cases were reviewed on a dedicated computer patient pathway manager (supplemented by individual case note review as necessary). Data were collected on patient demographics, primary pathology and indication for surgery, mode of surgery (open or laparoscopic), postoperative complications, defecatory frequency, use of constipating medication, chronic abdominal pain and episodes of small bowel obstruction. The patients with colon cancer had operable disease without distant metastasis. These patients were discussed in a colorectal multidisciplinary team meeting and underwent surgical resection. The patients with colonic inertia were investigated appropriately with colonoscopy, colonic transit study and defecation proctography to rule out rectal inertia and obstructed defecation before undergoing surgical resection. There were no patients operated on with rectal inertia or obstructed defecation.
Surgical technique
The operative record of all of the patients was reviewed carefully for the accuracy of the description. All patients underwent total colectomy (open or laparoscopic) and the colon was divided at the rectosigmoid junction, leaving up to 15cm of the rectum for the reservoir function. A side (small bowel) to end (rectum) anastomosis was created with a circular stapling device (Ethicon, Somerville, NJ, US) in 39 patients. The remaining patients had a handsewn anastomosis (side of small bowel to end of rectum). An air leak test was performed. No covering loop ileostomy was fashioned. None of the patients had a history of previous anorectal surgery and none of the female patients had a history of obstetric injury.
Follow-up
Patients with colorectal cancer were routinely followed up for five years according to Yorkshire Cancer Network guidelines with regular clinical, radiological and endoscopic review. The median follow-up duration for cancer patients was 48 months. Those with benign disease were seen at six weeks and six months following surgery, and then annually for two years before discharge either to primary care or (for those with inflammatory bowel disease) to gastroenterology clinics. The median follow-up period for patients with benign disease was 22 months. None of the patients in the study were lost to follow-up, including the four patients with colonic inertia referred from other hospitals for surgical intervention.
Assessment of defecatory function
This was assessed by reviewing the clinical notes and clinic letters. Defecatory function was recorded as bowel frequency, urgency, faecal incontinence and the use of constipating agents. Type of constipating agent and dose/ frequency were recorded. Data for patients with chronic abdominal pain and readmissions with adhesive small bowel obstruction were noted. Bowel frequency ranging from 1 to 6 motions per day was considered satisfactory. This is similar to published reports in the literature. [5] [6] [7] [8] [9] [10] A standardised validated scoring system to assess defecatory function or stool consistency was not routinely undertaken during follow-up of this cohort. There were eight patients in the cancer group who received adjuvant chemotherapy. One developed diarrhoea, which resolved after finishing the chemotherapy. This did not have any impact on the assessment of bowel function during the study period.
Statistical analysis
Univariate analysis was carried out using Fisher's exact test to assess differences in defecatory function between the open and laparoscopic groups. An unpaired t-test was employed to calculate the p-value for the differences in age in both the groups.
Results
A total of 55 patients were identified for possible inclusion in the study. Four patients were excluded as no clinical records were available. Two further patients were also excluded: one died postoperatively, and one underwent relaparotomy and end ileostomy. This left 49 patients for final analysis. Patient demographics and primary diagnoses are shown in Table 1 Postoperative complications within 30 days of surgery included postoperative ileus (n=5), relaparotomy (n=3), anastomotic leak (n=2), small bowel obstruction (n=2), pneumonia (n=2), postoperative bleeding (n=1) and urinary tract infection (n=1). There were no significant differences in short-term complication rates between laparoscopic and open surgery. In the laparoscopic total colectomy (LTC) group, 2 patients underwent laparotomy within 30 days of the initial operation. One patient had postoperative bleeding and the second patient had small bowel obstruction. One patient in this cohort also had contained anastomotic leak, which was managed successfully with computed tomography guided drainage. In the open total colectomy (OTC) group, there was one laparotomy for anastomotic leak resulting in an end ileostomy and one death. Both of these were excluded from the assessment of the defecatory function, leaving 49 patients in the study.
Defecatory function and other relevant data are shown in Table 2 . In the LTC group, 17 patients (85.0%) had a satisfactory bowel frequency of 1-6 motions per day compared with 13 (44.8%) in the OTC cohort (p=0.006). More patients required constipating agents to improve defecatory function after open surgery than after laparoscopic surgery. The dose of loperamide was available for 14 of the 24 patients taking this (58%). This was high to begin with, with a median of 4mg (range: 2-8mg) four times a day in the initial postoperative period, although it was reduced to 2mg (range: 1-4 mg) KHAN 
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four times a day at the two-year follow-up review. In terms of use of codeine phosphate, no accurate data were available in the majority of the patients for the dose, frequency or duration of use. Bowel urgency and incontinence were minimal, and equal in both the groups but the greater use of constipating agents among the open surgery patients may confound this finding. In addition to constipating agents, two patients required biofeedback to help improve defecatory function but rectal irrigation and sacral nerve stimulation were not necessary in any cases.
Overall, 25 patients had surgery for colorectal cancer and 24 for benign diseases (colonic inertia [n=17], inflammatory bowel disease [n=4] and other conditions [n=3]) (Table 1) with no significant differences in defecatory frequency (p=1.0) ( Table 3) . Bowel frequency was not influenced by sex, disease process (benign vs malignant) or method of anastomosis (p=1.0).
There were no significant differences in the number of patients with chronic abdominal pain or the number of episodes of adhesive small bowel obstruction between the laparoscopic and open groups. Adhesive small bowel obstruction beyond 30 days postoperatively occurred in 5 patients. This was most notable in the OTC group although the difference was not statistically significant (Table 2 ). This was managed conservatively in four of the five patients, with only one individual who had open surgery requiring a relaparotomy two years after the initial surgery. Patients with chronic abdominal pain but no features of intestinal obstruction (n=2) were referred to the chronic pain clinic. 
Discussion
The development of skills in minimally invasive surgery and equipment has led to increasing numbers of patients having LTC & IRA over the last decade with good short-term results. [11] [12] [13] However, our study is the first to compare laparoscopic and open approaches with respect to longer-term morbidity such as defecatory frequency, bowel dysfunction, chronic abdominal pain and episodes of adhesive small bowel obstruction.
There is significant evidence in the literature regarding long-term functional results after open surgery. Pikarsky et al evaluated 50 patients undergoing TC & IRA for colonic inertia via laparotomy.
14 Functional results were generally good but 20% of the patients had hospital admission for mechanical small bowel obstruction. Eu et al noted an average defecatory frequency of 3.2 motions per day after one year, with 14% of their patients experiencing occasional incontinence to liquid stools. 2 Bowel frequencies comparable with this have been well reported: 3.6 movements per day from Cleveland Clinic, 8 of patients with Crohn's disease had problems with continence and 37.7% were taking constipating medication. In our series, unacceptable defecatory frequency (>6 motions per day) occurred in over a third of the cohort (n=19, 39%). The majority of these patients had undergone open surgery (16/29 [55%] vs 3/20 [15%], p=0.006). Large doses of constipating agents were necessary in the early postoperative period. In all of the 24 patients taking loperamide, use persisted for 2 years but at a lower dose, presumably because of some adaption in the small bowel, and changes in patients' dietary and behavioural habits. The number of patients with incontinence and defecatory urgency was very low following both OTC and LTC; only one patient was incontinent following open surgery. Careful case selection and the fact that half (49%) of the patients were taking constipating agents presumably helps to explain this.
The mechanism for the improved defecatory function in the laparoscopic cohort is unclear but it is probably influenced by more than one factor. A significant contribution may be made by the underlying reason for surgery. There were more patients having surgery for colonic inertia in the LTC group. This can be associated with reduced small bowel motility and therefore increased transit times, which would in turn reduce defecatory frequency and need for constipating medication.
Another possibility relates to the mode of surgery. Open resection involves a midline incision and more tissue handling; this can lead to greater adhesion formation in the abdominal cavity. 15, 16 Adhesions can cause abdominal pain as well as unsatisfactory bowel motions (erratic, often loose, too frequent or infrequent). Laparoscopic surgery is associated with reduced adhesion formation generally 17 and this factor may also have contributed to the findings in our series. Chronic abdominal pain and episodes of adhesive small bowel obstruction requiring hospital admission were similar after both OTC and LTC, which may militate against this theory, however. Potential criticisms of this single centre study include its retrospective nature and relatively small numbers. In terms of the small numbers, TC & IRA is undertaken relatively infrequently, even in a large colorectal unit such as our own. (This study represents 11 years of such procedures.) A larger, multicentre, prospective study incorporating validated defecatory function questionnaires (with a standardised, validated scoring system), a patient satisfaction survey and assessment of quality of life following this type of major surgery would be ideal to clarify the issues, and we 
Conclusions
This study is the first to compare long-term defecatory outcomes after LTC and OTC with ileorectal anastomosis. Outcomes appear to be improved in the laparoscopic group although the mechanism for this is unclear and may be multifactorial. Given the short and potential longer-term benefits, we now routinely undertake such procedures laparoscopically if possible.
